Objective: This study described the prevalence of IgG class antibodies against Toxocara spp. and their association with urticaria in 2-to 12-year-old children.
I N T R O D U C T I O N
Toxocariasis is a cosmopolitan zoonosis caused by the helminth species Toxocara canis and Toxocara cati, which infect dogs and cats, respectively. Humans are paratenic hosts, and contamination occurs by accidental ingestion of eggs in the embryonic stage [1] . Children aged between 2 and 12 years are most affected by this parasite [2, 3] . The principal ways in which children can be contaminated by Toxocara are the ingestion of vegetables contaminated with eggs of this parasite, contact with canine and feline cubs, consumption of meat and/or raw or undercooked viscera of chicken, ducks or cattle infected with T. canis larvae [4, 5] .
Prevalence studies show that toxocariasis is present worldwide, and studies conducted in Brazil report that this prevalence has ranged from 4.2% to 65.4% [6] [7] [8] . Studies in several countries have shown that allergic reactions occur frequently in individuals with positive serology for Toxocara, suggesting that infection with this intestinal parasite contributes to the development of such reactions [9] [10] [11] [12] , including urticaria. An association between urticaria and parasitic infections has been already demonstrated by a variety of studies [13] [14] [15] .
The present work aimed to describe the prevalence of IgG class antibodies against Toxocara spp.
and their association with urticaria in children aged between 2 and 12 years living in Campinas, São Paulo, Brazil.
M A T E R I A L S A N D M E T H O D S
This population-based cross-sectional study was conducted between 2012 and 2014 in the district of São Marcos, Northern Campinas, São Paulo. The district has 17 474 inhabitants, 4148 of whom were children aged between 1 and 14 years.
The study population consisted of 200 children aged between 2 and 12 years identified from random household sampling, registered in the Sistema de Gerenciamento da Atenção B asica (SIGAB) of the Health Department of Campinas.
The sample size (n ¼ 200) was calculated using the parameter of 50% presumed prevalence of factors to be described (asthma, toxocariasis), aiming to maximize the size of the sample. In this region, 100% of the households were registered in SIGAB. The population was estimated at 5000 inhabitants. Each household has, on average, one child in the age group of interest; thus, it was necessary to randomly choose 200 households. The selection was conducted using the Epi-info 6 program.
Ethical aspects and sociodemographic and clinical variables After the necessary research clarifications and the signing of the informed consent form, one of the four trained interviewers asked the child's guardian the questions related to the questionnaire.
The questionnaire was divided into blocks and contained the variables described below: Collection of blood samples Blood samples were collected from the children by digital puncture on filter paper (Whatman n 3 V R ). Data were collected in previously prepared booklets, using 1 cm wide strips of filter paper separated by cellophane strips, and then registered according to the sequence of collected samples. The child's ring finger was disinfected with 70% alcohol, and then the fingertip was pierced using a disposable lancet. Blood was collected by sliding the ribbon filter paper on the finger until it was completely absorbed. The strips were dried at room temperature and then were stored at À20
C. Blood samples were sent to the laboratory, eluted and then subjected to ELISA with T. canis excretorysecretory (TES) antigen, to examine for IgG class antibodies.
TES antigen was prepared from the culture of second-stage larvae (L2) cultivated in vitro in accordance with the technique of de Savigny (1975) [16] with some modifications. Briefly, female worms collected from puppies were washed with tap water and dissected. Eggs were collected from the uterus and incubated in formalin 2% at 28 C for about 30 days, after which eggs were washed with saline solution and hatched with 0.5% hypochlorite acid solution in an Erlenmeyer flask with glass beads. Further steps required the use of a laminar flow bench. Larva were washed with saline solution and recovered with a Baermann apparatus, mixed with Eagle medium containing 80 mg/ml gentamicin in glass tubes, and incubated at 37 C. The supernatant containing TES Ag was collected once weekly when adding more sterile Eagle medium; protease inhibitor (phenylmethylsulfonyl fluoride) 5 mM was added to the antigen thus obtained and stored in aliquots at À20
C. About 900 ml of supernatant were concentrated 50-100 times in the Amicon apparatus, dialyzed against distilled water and ultracentrifuged. The protein concentration of antigen was 1.670 mg/ml, as determined by the method of Lowry et al. (1951) [17] . The resulting TES was aliquoted in vials and stored at À20 C until use. All sera were absorbed with total Ascaris suum antigenic extract to avoid cross-reactions with common Ascaris antigens.
The cutoff density point in serological assays varied from 0.330 to 0.390 and was determined for every test using the mean of the optical density of 30 sera of the negative control group plus two standard deviations.
Statistical analysis
Analysis of variables compared proportions of children with and without urticaria. Associations between the independent variables and the urticaria were analyzed by using a chi-square test, and when the expected value of any case was <5, we applied Fisher's exact test. In addition, a logistic regression analysis was used to estimate the odds ratio of the variables studied with the variable presence of urticaria taken as the dependent variable. Initially, the independent variables that showed a significance level of 20% (p < 0.20) in association with the dependent variable were introduced, and those with p < 0.10 remained in the model. One-tailed testing was performed, and differences were considered statistically significant when p 0.05. Statistical analyses were conducted with SAS 9.4 and Epi Info 7 software.
R E S U L T S Among the 168 children studied, 64 (38%; 64 of 168) had urticaria. The seroprevalence of toxocariasis in this population was 16% (26 of 167) and was diagnosed using ELISA. The average age of children was 6.44 6 3.55 years. Regarding sex, 63.7% were male and 36.3% were female. The prevalence of respiratory problems was 54.2% (91 of 168). Among the children studied, 4.8% (8 of 168) had been hospitalized because of respiratory problems. Table 1 shows the variables related to socioeconomic, behavioral and health conditions regarding the presence or absence of urticaria. We found that 38.3% of boys and 37.7% of girls had urticaria, though a significant difference between the sexes was not identified (p ¼ 0.93). The number of people in the household and the number of people testing positive for urticaria were significantly associated (p ¼ 0.03). Among children with positive serology for Toxocara, 46.5% had urticaria (p ¼ 0.37). Among the children that were hospitalized owing to respiratory problems, 62.5% were positive for urticaria (p ¼ 0.10).
The results of logistic regression analysis are shown in Table 2 . It was possible to verify the positive independent association between urticaria and toxocariasis. Contact with or the presence of a dog in the household, the number of people in the residence and residing with fewer than six people each showed a negative independent association with the presence of urticaria.
D I S C U S S I O N
It was possible to observe a positive association between urticaria and positive serology for Toxocara in the children studied, and there was a negative independent association with canine contact and the number of household residents. The result of the present study has not, to the knowledge of the authors, been reported in any other population-based study. The categorization of children as having a positive history for urticaria was determined by means of a questionnaire delivered by trained interviewers.
The positive serological association for Toxocara infection and urticaria has been described by Wolfrom et al. (1995) [14] , who conducted a casecontrol study including 51 patients with chronic urticaria, where they found a strong association between this infection and dermatological manifestations. Although other studies have also already pointed out this association, this is not a consistent finding. For instance, in a study of 122 children between 6 and 15 years of age in the municipality of Uberlândia-Minas Gerais, Brazil, the authors found no association between toxocariasis and urticaria in atopic children [18] . The prevalence of urticaria in this study (38%) and positive serology for T. canis (16%) were similar to those found in other studies conducted in Brazil [18] [19] [20] [21] , but less than those found in other serological surveys in the same region [22] .
The causes of dermatitis, including urticaria, are multifactorial, one of which is infection by intestinal parasites. The literature describes skin changes such as urticaria and pruritus as some of the clinical symptoms found in patients with toxocariasis [23] .
Another important point detected in the analysis was the association between urticaria and the number of household residents. Living in a household with fewer than six people had a negative independent association compared with living in a household with more than six people, suggesting that living in a residence with fewer individuals protected the children from urticaria. This finding goes against the so-called 'Hygiene Hypothesis' formulated after a study conducted by Strachan (1989) [24] who studied children and young people up to 23 years of age, and found that children from larger families and older siblings were significantly more protected from allergic diseases. On the other hand, studies in the city of Salvador-Bahia [25] showed that allergic diseases occur in >30% of low-income populations, and in high-income segments of the population, these numbers reach 44%. It is worth noting that this study was conducted in a low socioeconomic region, where most homes consist of several members, and often not all members are from the same family.
Canine presence or contact also demonstrated a negative independent association with urticaria. That is to say, having a dog at home was a protective factor against urticaria. Some studies suggest that exposure to dogs or cats during childhood is associated with reduced risk of allergic diseases [26] . Thus, it can be suggested that contact with pets early in life would be a protective factor against allergy.
However, feline presence or contact did not show any association with urticaria. Reports in the literature of the association between allergies and the contact/presence of dogs and/or cats are common. The existence of stray dogs and cats is common in the study area, and most children in this locality play with the animals.
Sex and age were not associated with urticaria. The average age was about 6 years. These results are similar to those presented by other authors, as this age group is the one with the highest exposure to the environment and allergen exposure [3] .
One limitation of the present data is that there are many dogs wandering in the surroundings. These dogs are least cared for and possibly most parasitized. However, soil contamination by Toxocara eggs was not studied in this work. Thus, another factor that may be associated is that having a dog at home or in possession of the family can ward off wandering or surrounding dogs.
It should be noted that this was one of the few population-based studies that used a randomly sampled population. This methodology minimizes bias and makes it possible for the results to be reproduced in the reference population.
There are no previous reports in the literature of a population-based study that correlates the presence of urticaria with serology for toxocariasis.
In conclusion, our findings confirmed the association of urticaria with toxocariasis. Infection by Toxocara should always be considered in diagnosis of chronic urticaria.
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